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Summary
This paper ie the second of a series of notes, each of which
preeents the complete results of pressure distribution tests made
at Langley Field by the National Advisory Ccmnittee for Aeronau-
.
* tics, on wing and tail ribs of the VE-7 and TS airplanes for a
particular maneuver of flight. The results for.pull-ups are pre–
sented in the form of curves which show the variation of pressure
?
distribution, total loads, normal acceleration and center of
preesure with respect to time.
Introduction
The data presented herein are the complete
sure distribution measurements made on wing and
VE–7 and TS airplanes in pull-ups. The results
speed pul~-ups, in which the maximum loads were
l
results of pres–
tail ribs of the
for the high
experienced, have
* already been given in Technical Re-portNo. 267 (Reference 1), but
beCaUBe the purpose of that report p&imaril_ywas to present the
pressure distribution for the high and low angle of attack condi-
b -.
tions with special attention paid to the maximum loads, only a “
N.A.C.A. Technical Note No. 277 2
4 small part of the total data obtained was discussed. It is be-
lieved, however, that the pressure distribution for other maneu-
vers than those for which the maximum loads were experienced are
of interest and value, and in order to present these results com-
pletely, this series of notes is being issued. The methods of
testing, the apparatus, and a discussion of the accuracy of the
results are given in Technical Report No. 257.
The locations of the points at which pressures
are shown in Figures 1 and 2. On the VE–7 airplane
upper wing only was investigated in addition to the
were neasured
a rib in the
tail rib. On
the TS airplane, both upper and lower
l the two ribs chosen being in the same
be pointed out here that too close an
should be avoided since only a single
.
wing ribs were investigated,
—
vertical plane. It should
application of the results
rib
wing was investigated. The rib chosen in
outside the slip stream and inside of the
in the span of each
each case was located
aileron to avoid dis-
turbances as much as possible. The pressures on the wing ribs
in the slip stream are probably of a greater ma~itude than and a
different distribution from those at the rib investigated, and
those in the outer region of the wing, also, differ in magnitude
and distribution because of the wing tip and aileron effects.
Thus, the use of these results for estimating the loading over a
.
complete airplane will give only approximate results.
l
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Results and Discussion
The results are presented in the form of curves of two kinds:
(1) Those which show the instantaneous distribution of normal
pressure along the chord at different stages of the maneuver, and
(2) time-history curves, which show the variation with time of
the values determined. Of this latter group, those curves showing
variations of loads, moments, center of pressure, and normal force
coefficient are derived by integration of the pressure curves.
.—
Normal acceleration, angle of attack, and air speed are obtained
from direct measurements (Reference 1).
The values of angle of attack as measured
*
flight are not considered reliable, because of
ference
. tack as
sidered
effects upon the angle–of-attack
given in the time-history curves
as ,merely indicative rather t’han
The results show that the air speed
up to the point of maximum load and that
head.
in accelerated
the probable inter-
The angle of at-
should therefore be con-
quantitative.
falls off only slightly
the wing loading, no~al _
force coefficient, and normal acceleration reach their maximum
values simultaneously. Maximum loads on the wing ribs occur from
three-quarters of a second to one and one-quarter seconds after
the pull-up is started, depending on the initial air speed. Maxi-
mum up-loads occur on the tail ribs about a quarter of a second
.
later than the maximum wingyrib loads, but these are preceded by
maximum down-loads which occur about a quarter of a second after
. the start of the maneuver. TQe s~uence of events is thus:
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(1)Maximu down-load on tail; (2) maximw u~load on wings; and
+
(3) maximum up-load on tail. As a ~le, in these tests down-
loading on the elevator-were more intense than down-loadings on
the stabilizer, although local pressures near the leading edge
of the stabilizer were usually greater than local pressures on
the elevator. The elevator never experiences an up-load, and
up-loads on the stabilizer are never great.
On the TS airplane, where both upper,and lower wing ribs
were investigated, the lower wing loading was in all tises less ___
than the upper wing loading.
The rather excessive forward travel of the center of pres-
s sure is deserving of special mention. On the R.A.F. 15 airfoil
of the VIZ-7airplane, the maximum forward position of the C.Pi
is found in a pull-up at 82 M.PoHs to be 21 per cent of the
.
chord length from the leading edge. Monoplane wind “tunneltests
give a maximum forward position of 28 per cent, which makes a
difference of 7 per cent. Part of this difference oan readily
be accounted for by the effect of the biplane arrangement (Ref-
erence 2). In the level flight runs, for instance, a consistent
difference between flight and monoplane wind tunnel results was
four.~,but the discrepancy was entiraly explained on the basis
cf biplane effect. Here, hcweve~, in accelerated flight, the
. center of pressure moves still farther forward, a phenomenon
which has not as yet been satisfactorily explained. It iS thought
to be due in some way to the changing air flow about a rotating
.
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airfoil. The question is worthY
3
5
of further investigation because
an error of 4 per cent in the location of the center of pressure
means a considerable error in the design load factor of the wing
.
truss.
Conclusions
In general, it is concluded frcm
ups:
l
these results that in pull-
.
.
1. Maximum loads on upper and lower wing ribs occur simul–
taneously, but the tipperwing load is always greater than the
.
lower vvingload.
2. The horizontal tail surfaces experience a considerable
down-load which occurs previous to the maximum wing load.
. .
3. The elevator never experiences an up-load, and the up-
loading on the stabilizer is never great. .L,
4. The intensity of the down-loading on the elevator is
greater than on the stabilizer, but local pressures on the sta-
bilizer are greater than those on the elevator.
,
5. The center of pressure on the upper wing of a biplane
moves abnoriioallyfar forward by an amount which cannot be pre-
estimated by existing wind tunnel data. -
La,ngleyField, Vs.,
November 14, 1927.
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